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Summary
Objective: The purpose of this study was to investigate the day-to-day reproducibility of the delayed gadolinium-enhanced MRI of cartilage
(dGEMRIC) measurement at different knee joint surfaces in healthy subjects at 1.5 Tesla (T).
Methods: The dGEMRIC experiment was repeated for 10 asymptomatic volunteers three times with an average interval of 5 days between
scans. The measurement was performed from a single sagittal slice through the center of the lateral femoral condyle and from the center
of the patella in the axial plane. Cartilage was manually segmented into superﬁcial, deep and full-thickness regions of interests (ROIs) at dif-
ferent topographical locations of the femur, tibia and patella. The reproducibility was evaluated separately for each ROI as well as for the entire
bulk cartilage in the slice of each joint surface.
Results: The reproducibility at various ROIs expressed by root-mean-square average coefﬁcient of variation (CVRMS) ranged between
4.7e12.9%. Thirty out of thirty-three ROIs showed a CVRMS less than 10%. Intraclass correlation coefﬁcient (ICC) ranged between 0.45
and 0.98. The CVRMS and ICC for bulk dGEMRIC were 4.2% and 0.95 for femur, 5.5% and 0.87 for tibia, and 4.8% and 0.97 for patella.
Conclusions: The dGEMRIC technique showed good day-to-day reproducibility, on the average 8% for small deep or superﬁcial segments,
7% for full-thickness ROIs and 5% for bulk ROIs covering all visible cartilage in a single joint surface. We conclude that dGEMRIC imaging
at ﬁeld strength 1.5 T can be used as a reliable instrument for the assessment of articular cartilage when staff has been carefully trained.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) is a multifactorial age-dependent mus-
culoskeletal disease that has been estimated to affect 1 in
10 at age 50 and >1 in 2 at age 751. Knee OA is commonly
associated with severe disability because the knee joint is
a weight-bearing joint with a large range of motion. The as-
sessment of the articular cartilage, the key factor of the
early pathological changes of OA, is of great importance
for diagnosing and monitoring the joint status.
Although plain radiographs are a cost-effective means to
evaluate the joint status, it does not offer direct information
about the articular cartilage2. Magnetic resonance imaging
(MRI) is applicable for achieving morphological data i.e., vol-
ume, thickness and curvature of the cartilage. In practise, it
provides information about the current status of cartilage or
acute variations in relation to interventions or diseases.*Address correspondence and reprint requests to: JuhaniMultanen,
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559However, early histological and biochemical changes cannot
be detected using standard MR techniques.
The early phase of degenerative process in cartilage is
expressed by the loss of glycosaminoglycan (GAG) macro-
molecules from the matrix3e5 with an associated deteriora-
tion in the mechanical properties of cartilage6. The delayed
gadolinium-enhanced MRI of cartilage (dGEMRIC) tech-
nique can be used to indirectly assess the distribution of
GAGs in cartilage7. dGEMRIC utilizes an anionic contrast
agent chelate Gd-DTPA2 that opposes the negative
charge of GAGs. Thus, after intravenous administration of
Gd-DTPA2 the contrast agent is distributed into cartilage
in inverse relation to GAGs. Due to the ability of Gd-
DTPA2 to shorten the T1 relaxation time in proportion to
its concentration, T1 relaxation time measurements provide
a means to indirectly assess the GAG content of cartilage.
The technique has been histologically validated in vitro8,9
and it has been applied in several in vivo studies and ortho-
paedic patient populations10e19. The technique is promising
in evaluating the biochemical progression of disease and ef-
fects of therapeutic interventions especially in the early
phase of OA when focal defects are not yet visible by any
other means20,21.
560 J. Multanen et al.: Reproducibility of imaging human knee cartilage by dGEMRICWhile the dGEMRIC technique has been applied in vari-
ous in vivo human studies, the knowledge of its reproduc-
ibility has been very limited. To our knowledge, only
a single study addresses dGEMRIC reproducibility, where
a measurement reproducibility of 10e15% is reported11.
Only ﬁve knees from three subjects were measured using
either double or single dose contrast agent injection twice
at the interval from 2 weeks to 2 months.
Due to the apparent lack of systematically designed
dGEMRIC reproducibility studies, the aim of the present
study was to evaluate the day-to-day reproducibility of the
dGEMRIC measurements in human knee cartilage of
asymptomatic volunteers.MethodsPARTICIPANTSTen asymptomatic volunteers (ﬁve females and ﬁve males) were recruited
from the University of Jyva¨skyla¨ in Finland. Their mean age was 31.7 (stan-
dard deviation (SD) 6.4; range 25e47) years, mean height 174.4 (9.3;
161e187) cm, mean weight 77.4 (16.4; 58e113) kg and mean body mass
index (BMI) 25.3 (3.5; 22e34) kg/m2.
The inclusion criteria were: willingness to participate, healthy, age of 18
years or more, no history of knee injury or surgery and no knee-related symp-
toms. A participant was excluded if she or he had electronically, magnetically
and mechanically activated implants; hemostatic clips; wires; ocular foreign
bodies; tattoos; congestive heart failure; claustrophobia, any known allergies
to contrast agents or she was pregnant or breastfeeding. In addition, the par-
ticipants’ eligibility was conﬁrmed by MRI routine diagnostic series to exclude
structural changes in the knee.
All participants were physically active, their physical activity level varied
from one to seven times per week training sessions lasting from 1 to 10 h
per week. The most common exercises were walking, running, swimming,
ﬂoor-ball, and strength training. Written informed consent was obtained
from all participants and the study was approved by the Ethics Committee
of the Central Finland Health Care District.PROTOCOLThe day-to-day reproducibility measurements of the knee cartilage were
performed three times by four technicians within an average 5.3 (SD 3.0)
days between imaging sessions. In the ﬁrst imaging session, the MRI scans
included both standard MRI series and dGEMRIC mapping. The second and
third session only consisted of the dGEMRIC experiment. For all three mea-
surements, participants were measured at the same time of the day within
the limits of 2 h to minimize the effect of diurnal variation. dGEMRIC was per-
formed 90 min after intravenous injection of contrast agent. The participants
were asked to avoid any strenuous physical activity before or on the day of
the imagining. The subjects were weighed before every MRI measurement to
assure a correct injection dose of contrast agent. The body weight did not
vary between the three imaging sessions.
The right patellar, femoral and tibial cartilages were scanned with a Gen-
eral Electric Signa CV/i 1.5 T MR imaging system (GE Medical Systems,
Waukesha, Wisconsin) with an 8-channel HD transmit/receive knee array
coil (In vivo corporation, Gainesville, FL, USA) with application of a standard
shim procedure. The participants were imaged in supine positioning. The
knee was positioned into the coil by adjusting inferior margin of patella ac-
cording to centre line of the coil. The ﬂexion angle and rotation of the knee
was controlled by stabilizing the ankle to a ﬁxed position with the medial
side of the ankle vertically with the use of a leg holder and a custom-made
inﬂatable cushion to ﬁx the joint within the knee coil. The cushion was set
over the knee with the patella positioned into the circular hole of the cushion.
The pressure in the cushion was adjusted individually to stabilize the knee
inside the coil ﬁrmly but comfortably.MRI
On the ﬁrst session the following clinical MRI series were imaged: a sag-
ittal proton density-weighted fast spin echo sequence (repetition time (TR)
4000 ms; echo time (TE) 13 ms; echo train length (ETL) 8; ﬁeld of view
(FOV) 160 mm; acquisition matrix 384 256; 3 mm slice thickness), a sagittal
T2-weighted fast spin echo sequence (TR/TE 4200/89 ms; ETL 15; FOV
160 mm; 384 224 matrix; 4 mm slice thickness), a coronal T2-weighted
fast spin echo sequence with fat suppression (TR/TE 3400/67 ms; ETL 8;
FOV 160 mm; 384 256 matrix; 4 mm slice thickness), an axial proton den-
sity-weighted sequence with fat suppression (TR/TE 4000/14 ms; ETL 8;FOV 160 mm; 384 256 matrix; 4 mm slice thickness) and a coronal
T1-weighted spin echo sequence (TR/TE 540/10 ms; FOV 160 mm;
384 224 matrix; 4 mm slice thickness).
For the dGEMRIC experiment, a double dose i.e., 0.2 mM/kg (0.4 ml/kg)
injection of Gd-DTPA2 (Magnevist, Schering Ag, Berlin, Germany) was ad-
ministered through the veins of the antebrachium or hand. Thereafter, the
subject performed active ﬂexion-extension exercises of the knee for 5 min
while sitting on the edge of a table and 5 min walking to increase the delivery
of contrast agent into the cartilage22,23. T1-mapping was performed using
a single-slice inversion recovery fast spin echo sequence (TR/TE 1800 ms;
TE 13 ms; TI¼ 1600, 800, 400, 200, 100 and 50 ms; ETL 5; 3 mm slice thick-
ness; 384 288 matrix; FOV 140 105 mm, 0.36 0.36 mm in-plane reso-
lution, 41.67 kHz receiver band-width) with approximately 10.5 min imaging
time per series.
The procedure for single dGEMRIC slice positioning was as follows. The
three-plane scout view included nine slices in each direction. The sagittal
dGEMRIC slice was positioned perpendicular to a line tangential to posterior
femoral condyles in the axial scout view. To obtain this orientation, a multi-
slice sequence was localized ﬁrst, and the number of the slices in the correct
orientation was reduced to one. The remaining slice was then positioned at
the center of the lateral condyle as viewed on the axial scout image. In the
axial plane, the procedure was similar i.e., multiple slices were positioned
parallel to a line tangential to posterior femoral condyles in the axial scout
view and the remaining single slice was positioned at the center of the patella
in the sagittal scout view.dGEMRIC ANALYSISThe presence of intact cartilage surfaces was veriﬁed by a musculoskele-
tal radiologist (R.O.) from the clinical MR images of the ﬁrst imaging session.
This was followed by dGEMRIC analysis using a mono-exponential ﬁtting
routine in Matlab (version 7.2, Mathworks, Natick, MA, USA). Femoral, tibial
and patellar cartilage surfaces were divided for regions of interest (ROI) anal-
yses according to a scheme modiﬁed from Eckstein et al. (2006)24 (Fig. 1). In
the sagittal plane, the central lateral femoral condyle was divided into six
segments and lateral tibial condyle was divided into three segments. In the
axial plane, the central patellar cartilage was divided into two segments
from the apex. Each segment was further divided into separate ROIs for
the superﬁcial and deep halves of cartilage thickness. Full-thickness dGEM-
RIC values were also determined for each segment. Finally, bulk values for
the entire cartilage at each joint surface were computed.STATISTICAL ANALYSISAs the measure of dGEMRIC reproducibility for the different segments (su-
perﬁcial and deep 50% of tissue, full-thickness and bulk) the coefﬁcient of var-
iation (CV), representing the percentual magnitude of day-to-day variability,
was determined for each ROI of each volunteer. To depict the reproducibility
for the population root-mean-square average coefﬁcient of variation (CVRMS)
was calculated for each ROI according the formula: CVRMS¼ O
P
(CV)2/n,
where n¼ number of subjects. CVRMS values less than 10% were interpreted
as good, and values below 5% were considered very good25. In addition, the
day-to-day reproducibility was determined using intraclass correlation coefﬁ-
cient (ICC), representing the error-free proportion of the inter-subject score
variation with 95% conﬁdence interval (CI). ICC values above 0.75 were inter-
preted as good, whereas values between 0.74 and 0.40 indicated moderate
and values below 0.40 indicated poor reliability26. The statistical analyses
were performed by using SPSS software (version 14, SPSS Inc, Chicago,
IL, USA). The average T1 value at each cartilage segment was determined
as the average of the mean T1 value of three measurements.Results
All 10 subjects took part in all three consecutive measure-
ments. Eight ROI segments from the ﬁrst measurement
session could not be analyzed due to aliasing artefact in
medial patellar superﬁcial and deep segments of two partic-
ipants, and anterior and posterior aspect of the trochlea
from superﬁcial and deep segments of one participant.
In clinical MRI series the participants had two medial and
two lateral facet thinning cases in the patella, three superﬁ-
cial ﬁssure cases in the apex of the patella, one superﬁcial
ﬁssure in the medial condyle, one conﬁrmed and one sus-
pected chondromalasia of the patella, one patella alta,
one mild hydrops and Baker’s cyst, one degeneration of
the posterior horn of the medial meniscus and one laterally
tilted patella. No one had cartilage changes in the lateral
Fig. 1. Segmental division of femoral, tibial and patellar cartilages
into ROIs. There is a visible aliasing artefact in both images; in sag-
ittal imaging plane (A) anteriorly and in the axial imaging plane (B)
on down on the lateral and medial sides. These artefacts had no in-
ﬂuence on data analyzing because they did not overlap with the
ROIs. Superﬁcial and deep layers are indicated with ’’sl’’ and
‘‘dl’’, respectively.
Table I
Mean T1 relaxation time (SD), CVRMS and ICC for superficial, deep
and full-thickness cartilage segments in the femur, tibia and patella
Cartilage segment n T1 (ms) CVRMS
(%)
ICC
(95% CI)
Lateral femoral condyle
Anterior aspect of trochlea
Superﬁcial layer 9 420.5 (5.3) 6.1 0.92 (0.74e0.98)
Deep layer 479.2 (21.4) 9.2 0.89 (0.65e0.97)
Full-thickness 447.8 (12.7) 6.9 0.91 (0.73e0.98)
Posterior aspect of trochlea
Superﬁcial layer 9 384.7 (4.1) 7.1 0.93 (0.77e0.98)
Deep layer 447.5 (14.3) 9.9 0.91 (0.72e0.98)
Full-thickness 412.9 (7.9) 7.8 0.92 (0.77e0.98)
Anterior central part
Superﬁcial layer 10 448.2 (8.9) 7.0 0.86 (0.60e0.96)
Deep layer 456.4 (4.1) 9.1 0.68 (0.01e0.92)
Full-thickness 452.0 (4.0) 7.1 0.80 (0.41e0.95)
Posterior central part
Superﬁcial layer 10 525.6 (13.7) 5.2 0.84 (0.55e0.96)
Deep layer 558.7 (4.5) 7.2 0.45 (0.77e0.86)
Full-thickness 540.9 (6.7) 4.8 0.81 (0.46e0.95)
Anterior posterior part
Superﬁcial layer 10 443.5 (12.5) 8.7 0.77 (0.35e0.94)
Deep layer 530.3 (18.7) 6.8 0.90 (0.70e0.97)
Full-thickness 481.2 (11.0) 6.8 0.88 (0.66e0.97)
Posterior posterior part
Superﬁcial layer 10 359.0 (8.2) 11.9 0.51 (0.51e0.87)
Deep layer 405.4 (19.9) 12.9 0.67 (0.09e0.91)
Full-thickness 379.0 (12.5) 11.6 0.62 (0.08e0.90)
Lateral tibial condyle
Anterior part
Superﬁcial layer 10 420.0 (1.0) 9.3 0.88 (0.65e0.97)
Deep layer 460.9 (10.0) 8.3 0.76 (0.32e0.94)
Full-thickness 436.9 (3.3) 6.9 0.89 (0.68e0.97)
Central part
Superﬁcial layer 10 443.4 (7.0) 7.5 0.90 (0.72e0.97)
Deep layer 523.5 (2.8) 5.8 0.75 (0.24e0.93)
Full-thickness 477.8 (5.5) 6.0 0.88 (0.64e0.97)
Posterior part
Superﬁcial layer 10 416.6 (5.6) 6.2 0.91 (0.74e0.98)
Deep layer 510.6 (7.7) 7.4 0.45 (0.70e0.85)
Full-thickness 454.5 (6.6) 5.8 0.83 (0.51e0.95)
Patella
Medial aspect
Superﬁcial layer 8 409.8 (10.9) 7.6 0.95 (0.83e0.99)
Deep layer 498.9 (17.3) 8.3 0.94 (0.80e0.99)
Full-thickness 449.2 (14.3) 6.1 0.96 (0.85e0.99)
Lateral aspect
Superﬁcial layer 10 437.8 (2.4) 4.7 0.98 (0.94e0.99)
Deep layer 535.3 (7.5) 7.0 0.97 (0.92e0.99)
Full-thickness 482.3 (3.5) 5.0 0.98 (0.94e0.99)
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One participant had mild thomboﬂebitis at the site of the
injection. The irritation of the vein faded by the second
measurement session, and did not appear afterwards.SEGMENTAL REPRODUCIBILITYThe mean T1 relaxation time and reproducibility results
(CVRMS and ICC values) for all analyzed cartilage segments
are presented in Table I. The precision error (CVRMS)
ranged from 4.7% to 12.9% for superﬁcial and deep ROI
segments and from 4.8% to 11.6% for full-thickness ROIs.
The precision was good in terms of CVRMS (less than
10%) at patellar and tibial segments and from good to fair
at femoral segments. For superﬁcial and deep ROIs, and
for full-thickness dGEMRIC values the precision error wasgenerally the lowest at central segments in femoral and tib-
ial cartilage, except for the anterior aspect of trochlea. In pa-
tella, the precision error was the lowest in the lateral
segment of cartilage. Furthermore, the precision errors
were somewhat lower at the superﬁcial half than at deeper
half of cartilage in femur and patella.
The ICC of dGEMRIC values in the femoral, tibial and pa-
tellar cartilage segments ranged widely from 0.45 to 0.98
(Table I). The best ICCs were among patellar ROIs (range
0.94e0.98). The ICC was good at all other segments but
deep anterior and posterior central segments of the femur,
superﬁcial and deep posterior segments of the posterior
562 J. Multanen et al.: Reproducibility of imaging human knee cartilage by dGEMRICfemur and deep posterior segment of the tibia. The ICC
values were higher in superﬁcial half as compared to
deep half of the tissue except for the posterior part of the
femur.BULK REPRODUCIBILITYThe reproducibility of the bulk dGEMRIC value was good
to excellent for different joint surfaces. The precision errors
(CVRMS) for femoral, tibial and patellar cartilage were 4.2%
(n¼ 9), 5.5% (n¼ 10) and 4.8% (n¼ 8), respectively. The
corresponding ICC values for the femur, tibia and patella
were 0.95 (95% CI 0.85e0.99), 0.87 (0.61e0.96) and 0.97
(0.90e0.99), respectively.
Discussion
To our knowledge this was the ﬁrst study investigating
systematically and exclusively the reproducibility of knee
cartilage dGEMRIC measurements. In general, the preci-
sion of dGEMRIC at 1.5 T turned out to be good. When
the mean T1 relaxation time of the whole joint surface in
the imaging slice was assessed (i.e., bulk analysis), two
out of three joint surfaces had CVRMS values less than
5%, which is considered to be very good. Also, in the seg-
mental analysis, ROIs had a CVRMS mostly less than 10%.
This represents substantially higher measurement accuracy
as compared to that presented by Burstein et al.11. They re-
ported that T1 relaxation times had reproducibility within
10e15% calculated as the ratio between the second and
ﬁrst dGEMRIC scan with a limited number of subjects with
up to 2 months interval11. The lower measurement accuracy
of Burstein et al. compared to our results may be explained
by the low sample size and the imaging performed several
weeks apart. It has been suggested that CVRMS values
lower or equal to 10% signiﬁes good measurement reliabil-
ity27. CV values approximately 5% are considered an excel-
lent reliability in conventional radiology in repeated analysis
of knee joint space narrowing28. For comparison, earlier MR
imaging studies of cartilage have shown that in vivo repro-
ducibility is in the range 1e5% for cartilage volume29e32 and
3e6% for mean thickness31e33. The dual energy absorbti-
ometry (DXA) technique has a reproducibility of 1e3% in
determining bone mineral density (BMD) at various skeletal
sites34e37, while peripheral quantitative computed tomogra-
phy (pQCT) is in range 1e8% for the density and area of
long bones38. T2 relaxation time measurements of articular
cartilage in the patella show a CV of 3e7% for global and
6e29% for regional ROIs at 1.5 T39, while the ankle joint
show a reproducibility of 3e5%40.
In addition to the CV, the ICC generally showed good re-
liability in the segmental analysis. Twenty-seven out of 33
segments had ICC value considered as good reproducibil-
ity. However, among six segments the ICC values were
rather low with wide CIs. The ICC analysis suggests that
the precision error of the measurement is related with the
testers or the method. In the dGEMRIC method, this may
be at least partly explained by thin cartilage and small seg-
ment area that have fewer pixels and also the possibility of
partial volume effect. This is supported with our ﬁnding that
in the bulk value analysis the average ICC exceeded the
value 0.9, which is considered as high measurement reli-
ability25. Thicker patellar cartilage showed also better mea-
surement accuracy than thinner cartilage in femur and tibia.
That is, patella has larger ROIs and bulk areas with more
pixels as compared to smaller areas and fewer pixels in
femoral and tibial cartilages.Positioning of the knee is a deﬁnite source of error in
quantitative MR imaging of cartilage. In the present axial im-
ages, we observed some inter-individual variability in leg ro-
tation despite careful positioning of the knee into the coil
and use of adjustable cushions. Positioning error of the
knee due to rotation probably causes less positioning error
in patellar ROIs in the axial plane than in the scans of femur
and tibia. This may be another reason for good accuracy in
the dGEMRIC measurement of the patella. Based on our
experience, careful technician training is of great impor-
tance. Reference to the images of the prior imaging session
plays also an important role in slice positioning.
When comparing the reproducibility of superﬁcial and deep
ROIs, the measurement of superﬁcial ROIs predominantly
showed to be somewhat better than deeper ROIs with the ex-
ception of tibial cartilage. This is attributable to the reason,
that the boundary between cartilage’s surface and synovial
cavity in superﬁcial ROIs can be differentiated more accu-
rately due to greater contrast than the boundary between
subchondral plate and calciﬁed cartilage in deep ROIs which
is not very distinct on proton density or T1-weighted images.
For deep ROIs in tibial cartilage, segmentation of the cartila-
geebone interface and deep cartilage signal can be affected
by chemical shift that results in misregistration of fat signal by
two pixels on the water signal from cartilage.
The delineation of the cartilage surface and cartilagee
bone interface may also affect the division of cartilage into
superﬁcial and deep halves, since the division was per-
formed manually. This can possibly affect the mean T1
values for both superﬁcial and deep ROIs since the dGEM-
RIC index is known to vary with cartilage depth as a reﬂec-
tion to the depth-wise gradient in proteoglycan content9.
Interestingly, Glaser et al. reported worse reproducibility of
T2 quantitation for superﬁcial cartilage and attributed this
to the differences between T2 of cartilage and joint ﬂuid39.
For dGEMRIC, synovial ﬂuid has a T1 relaxation time closer
to that of cartilage and thus is not likely to contribute to re-
producibility in such as extent. The bulk dGEMRIC mea-
surements are not affected by inaccuracies in segmental
division and thus accuracy is improved. The result of large
ROIs having good measurement accuracy is supported by
the study of Tiderius et al.41, in which large lateral and me-
dial cartilage ROIs in the load-bearing cartilage had seg-
mentation reproducibility as good as 2.6% and 1.5%,
respectively. Nevertheless, it is important to be able to ana-
lyze cartilage in small segments accurately, since patients
with OA do not loose cartilage uniformly, but primarily at
certain locations42. The delineation of ROIs for dGEMRIC
or other quantitative relaxation time maps could be further
improved by using segmentation from higher cartilage con-
trast sequences as a mask.
Previously, division of the cartilage surface into three
zones with cartilage depth has been proposed for MRI stud-
ies24,39. For cartilage surfaces with thick tissue and sufﬁ-
cient imaging resolution, such as the patella, this may be
feasible, however, in the light of the present results the ef-
fect of division into three zones is likely to further decrease
the accuracy of relaxation time quantitation. Thus, the re-
producibility should be determined separately for each ap-
proach. For thinnest cartilage surfaces division into more
than two zones is clearly not feasible if reasonable precision
error is desired.
There are some limitations in this study. The sample size
was relatively small, however, we performed three mea-
surement sessions for each subjects in separate days.
Also, manual segmentation may have limited the reproduc-
ibility, since semi-automated segmentation of cartilage
563Osteoarthritis and Cartilage Vol. 17, No. 5volume has been shown to reach a higher accuracy in car-
tilage plate analysis as compared to manual segmenta-
tion43. Another limitation may have been the ﬁeld strength
used. Recently, higher reproducibility of cartilage volume
and thickness was reported for 3.0 T ﬁeld strength as op-
posed to 1.5 T44. Higher signal-to-noise ratio (SNR) and
contrast-to-noise ratio (CNR) at 3.0 T may further improve
the cartilage segmentation precision in the dGEMRIC ex-
periment. Further, only asymptomatic volunteers were as-
sessed. It is unclear whether results of asymptomatic
participants would also apply to OA patients. The delinea-
tion of the cartilages may be more difﬁcult due to ﬁbrillation
of the articular surface and deconstruct of cartilage among
patients with OA. This assumption is supported by the pre-
vious work of Glaser et al. (2003), in which they observed
a better reproducibility of femoral cartilage volume mea-
surements from coronal MR images of healthy volunteers
compared to patients with severe OA45. While some of
the participants in our study had several minor cartilage
and joint alterations, the ROIs could be deﬁned rather
promptly, also the clinical ﬁndings can be assumed to
have little effect into measurement precision error. The re-
producibility in more progressed joint and cartilage degen-
eration remains to be shown. For strongly obese patients
the standard knee coil or bore may not always be feasible
because of large knee or body diameter.
The clinical signiﬁcance of this work is that, in terms of re-
producibility, dGEMRIC can be used as a reliable instru-
ment for the assessment of articular cartilage. In clinical
practice and interventions the effects to the cartilage are ex-
pected to be small, however, dGEMRIC appears to be sen-
sitive enough to detect such changes46. The results of the
present study can be utilized as a piece of indicative data
for future reproducibility dGEMRIC trials in different groups
to be studied. Based on our clinical experience, careful staff
training and a systematic positioning approach are essential
for the measurement precision. Further studies are required
to demonstrate the reproducibility of the dGEMRIC method
with patients having severe structural alterations in their
cartilages, for different three-dimensional sequences that
have recently become available18,47,48 and for higher ﬁeld
strengths.
In summary, the dGEMRIC technique showed good day-
to-day reproducibility, on the average 8% for small deep or
superﬁcial segments, 7% for full-thickness ROIs and 5% for
bulk ROIs covering all visible cartilage in a single joint sur-
face. Reproducibility is affected by both joint-related factors,
such as positioning of joint and timing of contrast agent in-
jection, and imaging-related factors, such as slice position-
ing, accuracy of segmentation and partial volume effect. We
conclude that dGEMRIC imaging at ﬁeld strength of 1.5 T
can be used as a reliable instrument for the assessment
of articular cartilage when staff has been carefully trained.Conﬂict of interest
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